In this paper, two Hough Detectors, decentralized and centralized, with the polar Hough transform (PHT) that operate in the presence of randomly arriving impulse interference (RAII) are proposed and studied. The usage of the Hough transform (HT) in systems for air traffic control enables to detect more effectively the target trajectory in the presence of RAII. The study of the signal processing employed in detectors is carried out using Monte-Carlo simulations in MATLAB computing environment. The results obtained show that the detection probability of the multi-sensor centralized Hough detector is higher than that of the decentralized detector.
Introduction
In this paper, the polar Hough transform is considered as a track initiator in a track-before-detect (TBD) system. The study is performed in the presence of impulse interference. The algorithm under study includes a parametric CFAR detector, which works successfully in conditions of impulse interference and uses the polar Hough transform. In contrast to the HT, proposed by Carlson, Evans, and Wilson in [2] , the polar Hough detection algorithm considered in the paper, is very effective for track and target detection because the input parameters of the transform are the output parameters of the search radar [9, 10] . Another important advantage is the transformation stability when the target velocity changes abruptly and the target azimuth varies in time. The presence of randomly arriving impulse interference in radar resolution cells can cause drastic effectiveness degradation of a CFAR processor and Hough detector. False alarms caused by impulse noise make difficult track detection. The improvement in target and trajectory detection on the non-homogeneous background (impulse interference) is possible by using the HT for CFAR detection [3, 4, [15] [16] [17] . The Hough detection scheme includes a CFAR detector for signal detection in the scan area, the HT for mapping the target distance measurements from the scan area into the parameter space, binary integration of data in the parameter space and, finally, linear trajectory detection. These CFAR Hough detectors have been studied in cases when the target moves at a constant velocity in the same azimuth cell [3, 4, [15] [16] [17] . There are modifications of a detection algorithm where the HT is used for image processing after conversion of radar data from the polar coordinate system to the Cartesian system associated with radar [5, 19] . In this paper, the advantages of the polar Hough transform (PHT) in netted radar systems are studied. The usage of the HT in netted radar systems enables to detect very effectively target trajectories in the presence of impulse interference [1, 5] . In this paper, two radar systems, decentralized (distributed) and centralized, are developed [6] [7] [8] 12, 14, 18] . Two different cases for target and trajectory detection with the polar Hough transform are tested in the paper. The first of them corresponds to a decentralized (distributed) radar system and the second case corresponds to a centralized radar system [18] . The decentralized system employs binary integration at three radars. Local decisions obtained in radar are transferred to the fusion centre where they are combined to yield a global decision. First the centralized system associates data received from three radars and then applies the PHT. We optimized these two systems in order to maximize the detection probability when maintaining a given probability of false alarm. By operating a set of radars, in which the PHT is used, the netted radar system improves the probability of target and trajectory detection. The detection probability in a conventional netted radar system increases with the number of radars because the total signal-to-noise ratio in the radar net increases. Our hypothesis is that the presence of the Hough transform in the fusion node will be increase detection probability. We think that the improvement in detection will be preserved, whether the radar system is synchronized or not. This makes it possible to use a non-synchronized radar system, which is simpler for real implementation. Some authors claim that the effectiveness of target detection in the presence of white Gaussian noise is higher in centralized radar systems than in decentralized radar systems [6] . The presence of false alarms caused by impulse interference in the radar net makes difficult trajectory detection. In this paper, the advantages of the polar Hough transform (PHT) in centralized and decentralized netted radar systems are studied. Our hypothesis is that in the presence of randomly arriving impulse interference the centralized radar system, which uses the Hough transform in the fusion node, is more effective than the decentralized radar system. In track-before-detect radar systems, the utilization of the HT permits to decrease requirements to the threshold signal at the Hough detector input. The study is carried out by using Monte-Carlo simulations of the signal processing. The purpose of the study is to estimate the detection probability of the two multi-sensor Hough detectors, centralized and decentralized, when the false alarm probability is maintained to be constant. The study is made for one target trajectory in the presence of impulse interference. In order to maintain constant false alarm rate, we synchronized the CFAR scale factor, binary decision rule in the Hough parameter space, and decision rule in a decentralized radar system. In this paper, the impulse noise is modeled as a Poisson flow of random impulse with amplitudes distributed according to the Rayleigh law [13] .
Signal model
It is assumed that the target is fluctuating according to the Swerling II case. It is also assumed that the total background environment includes two situations: (i)-Poisson interference plus noise, which may appear at the receiver input with a probability of e 0 , and (ii) -noise only -with a probability of (1-e 0 ), where F is the average repetition frequency of impulse interference and t c is the pulse length. The probability density function (pdf) of the signal power is given in [13] and used in [3, 9, 10] . where λ 0 is the average power of the receiver noise, r j is the average interference-to-noise ratio (INR) of impulse interference, s is the average signal-to-noise ratio (SNR).
Hough detector with binary integration in radar
In this section, the algorithm proposed for signal processing in single radar, is the improved version of the algorithm for target detection and track initiation with the Hough transform, proposed by Carlson, Evans and Wilson in [2] . In order to keep the constant false alarm rate in conditions of impulse interference, in the range-azimuth-time space, signal detection is carried out by a CFAR detector instead the detector with a fixed detection threshold. For determination of the non-radial trajectory, the standard Hough transform is replaced by the polar Hough transform [9, 10] . The algorithm under study includes a CFAR detector, which operates in the scan area, a polar Hough transform of the target distance measurements into the parameter space, a binary integrator of data and a detector of linear trajectory in the parameter space.
CFAR processor
The CFAR processor is a detector, which maintains a constant false alarm probability in the process of target detection. In such a detector, target detection is declared if the signal sample x 0 exceeds a preliminary determined adaptive threshold H D . In case of Poisson and binominal distribution of impulse interference, the analytical expressions for calculating the detection and false alarm probability are obtained in [3, 4, [15] [16] [17] .
Polar Hough transform
After each radar scan, the output data forms the polar data space (r-a), where r and a are the target range and azimuth, respectively. There are two approaches for Hough transformation of data -standard (SHT) and polar (PHT). The SHT is suitable for image processing, while the PHT is very convenient for implementation in radar because the output radar parameters (range and azimuth) are the input parameters of the transform. The PHT maps points (targets) from the observation space (polar data map) into curves in the polar Hough parameter space, termed as the (rho-theta) space, by:
where theta is the angle and rho is the smallest distance to the origin of the polar coordinate system. The parameters rho and theta present the linear trajectory in the polar Hough parameter space and can be transformed back to the polar data 
Netted radar Hough detector
Two radar systems with the same power and the same technical parameters are studied in the paper. The two radar systems contain three independent radars, which are positioned one above the other on the same pivot or are scattered in a plane forming the equilateral triangle. The investigations are performance for equal sensors' potentials, range and azimuth resolution cells, and time of observation. Two variants of Hough detection, used in centralized and decentralized (distributed) radar systems, are developed. In many papers, the conventional algorithms for multi-sensor detection do not solve problems for data association in the fusion node, accepting that the data are transmitted without loses. In our paper, the details of data association and losses of signal information in the fusion node are reviewed. We studied the problems of the centralized signal processing in a signal processor. We provided the size of signal matrixes and their cells; range and azimuth resolution; and data association. The signal detection in the radar is made in range-azimuth resolution sells of a definite geometry size. Detection trajectory is made in the Hough parameter space with sells of a specified size. The global decision in the fusion node of a radar system is obtained after association of signals or data in one coordinate system. The general coordinate system of the range-azimuth space foresees sells size before association of data from different radars. In our paper, we synchronize the radar system under study, as determine the value of the scale factor of the CFAR processor, the size of rho-theta space and binary rule of the Hough detector.
Decentralized (distributed) Hough detector
The decentralized Hough detector includes three transmitting and receiving stations. A block diagram of a decentralized (distributed) Hough detector is presented on Figure 1 . This scheme has parallel topology, which is most widely used. The signal processing in each receiving station includes optimum linear filtration, square law detection (SLD), CFAR detection, plot extraction (PE). After N radar scan the range-azimuth observation space is formed. The PHT maps points (targets) from the observation space (polar data map) into curves in the polar Hough parameter space, termed as the (rho-theta) space. If the number of binary integrations of data in the Hough parameter space exceeds the detection threshold, both target and linear trajectory detections (TD) are indicated. The range-azimuth coordinates of the detected trajectory are obtained by the inverse polar Hough transform (IPHT) of (rho-theta) coordinates. Local decisions are transferred to the fusion node where they are combined to yield a global decision. The system under study employs binary integration at each local detector.
Centralized Hough detector
In the centralized Hough detector, the received signals are transferred from all receiving station MSRS to the fusion node. A block diagram of a centralized Hough detector is presented on Figure 2 . The signal processing in each receiving station includes optimum linear filtration and square law detection (SLD). The receive signals are transferred from all receiving station to the fusion node that includes a CFAR detector, plot extractor (PE) and polar Hough transform. After N radar scans, the PHT maps points (targets) from the observation space into curves in the Hough space (HS). The global decision for target and linear trajectory detection is declared if the binary decision statistics (M/Ns) is true. The range-azimuth coordinates of the detected trajectory are obtained by the inverse polar Hough transform (IPHT).
Simulation example and experiment description
Using simple examples, we illustrate here the advantages of the netted radar that operates in the presence of randomly arriving impulse interference. 20 is the generalized energy parameter of the radar and R is the distance to the target measured; the average power of the receiver noise λ 0 =1, the average interference-to-noise ratio is r j =10dB, the probability of appearance of impulse noise is 0.033. The number of CFAR reference cells is N=16; the probability of false alarm in Hough parameter space is P FA =10 -2 , the number of scans is Ns=20. The researched range-azimuth space has 100 range sells and 30 angle sells, the range sells are of size 1 km., the angle sells are of size 2 degree. The Hough parameter space has 91 theta sells and about 200 rho sells. The size of this sells is 2 degree and 1 km. The binary detection threshold in the Hough parameter space is M=2÷20. The number of binary integrations of data in the Hough parameter space can be increased if the space size is optimal.
Decentralized (distributed) Hough detector
Three Decentralized Hough detector outputs are shown in The decision rule in the fusion node is determinative for trajectory detection in the distributed netted radar Hough detector. For maintaining a constant false alarm in the output of the netted radar detector, we choose specific the CFAR scale factors, binary rule in the Hough space and the decision rule in the fusion node.
Centralized Hough detector
The Binary Hough integration in the Centralized detector is shown in Figure 4 . The signal detection in centralized radar net increases the probability of trajectory detection. 
Comparative analysis of the researched Hough detectors
The signal processing is studied using Monte-Carlo simulations in MATLAB computing environment. The centralized Hough detector is compared to decentralized Hough detector by detection probability for different binary rules in Hough parameter space; the results are shown on Figure 5 . In order to analyze the quality of the Hough detectors we consider radars with equal parameters, similar to those in [2, [9] [10] [11] [15] [16] [17] . The results have shown that the detection probability of centralized detector is almost twice as much than distributed detector. The detection probability of both detectors decreases when increase binary rules in the Hough parameter space (M/Ns). The maximum detection probability is obtained when binary rule is 7/20. These results are equal to results obtained with one channel Hough detector (one radar) in condition of white Gaussian noise as in [2, 11] . The obtained detection probability is small because the input average SNR≅15dB and it is commensurate with INR=10 dB. 
Conclusion
In this paper, are studied two track-before-detect (TBD) radar systems, decentralized and centralized, with application of the polar Hough transform, for detection in the presence of Poisson flow of randomly arriving impulse interference. The signal model is fluctuating according to the Swerling II case. The study is carried out using Monte-Carlo simulations in MATLAB computing environment. The detection probabilities of multi-sensor centralized and decentralized Hough detectors are evaluated. We synchronized the radar parameters in order to maintain a constant false alarm rate. The results obtained show that the detection probability of the centralized detector is higher than that of the decentralized detector. The proposed detectors are more effective than conventional ones because of the usage of the Hough transform, which increases the effectiveness of trajectory detection in the presence of randomly arriving impulse interference.
